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(57) Abstract: Disclosed is a novel TT -conjugated polymer compound which is 
usable as a functional material having solubility, heat resistance, electrochem- 
ical activity and fluorescence. Also disclosed is a method for producing such 
a TT -conjugated polymer compound. Specifically disclosed is a dihalide rep- 
resented by the following formula, (formula) (In the formula, R^ represents a 
halogen atom; R^ represents an all^l group or a silyl group having a substituent; 
and R^ represents a hydrogen atom or an alkyl group.) 



wo 2005/078002 Al I lllll 111 II ill fill III 11 II I II III III 



(57) mm-. 




wo 2005/078002 



1 



PCT/JP2005/002272 



m m m 

[0001] ^mnn. i^^^vi^^^m. m^^^t-B-m. Rv^^<DmmijmKmu m^. #^ 
[0002] ^mm^m^^it^m mmt^mm^. w:%^^irmmt 

MMt^^^h^^t^^M^^tlXV^^iA.G.MacDiarmid^ PCT Int.Appl. 82-US299) 

::^W>-(D^^if^^COr^^3^^W^^S-T?*g'a'b/c>t?!;(9J0-v?tKn:73i-^^hlx:/- 
2,7-i^^/V^>'^^$tb-C#fc(polym. BuU. 30^,285M(1993)o 
##fF:i:i^l:A.G.MacDiannid# PCT Int.Appl. 82-US299(rjJ<y'x'w^5/-7^i;—j 
Ih^. tk^m. *3imMl990) 
##fFJCfife2:polym. Bull. 30^,285M(1993) 

[0003] l.7f}^\^^7f)^h. ^n'^XKm^^flX^fc±m^V(9,10-i^\i}^n'7^-i->hl^>-2,7 
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[>fkl] 




[0007] *fc. ^mM<Di:^^^u^iyitm(D0i^v\, ^mmmmK^^ ^r. mmm^^-r^i^v 

/V^Ti^. Si(CH ) , Si(n-C H ) , Si(t-C H ) , Si(CH ) (C H Si(CH ) (n-C H 

33 493 493 3265 32 18 37 

[0008] ^mm(DM^^^[:^m^. rm^x^^ti^mm^^mmzLmir^^t^ 
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0R=^ OR 



Wb3] 



xn.r/v-^/v^^7f^iro R'tR'\ r\ r^\ r\ r^'j*. sv>ic^/^o-rT^>i^c 
-e^>j;v\ nf^m-^s^^b. 5— looo-efc^So ) 



or2 or 2' 




wo 2005/078002 



4 



PCT/JP2005/002272 



[0012] [fb4] 




[0013] [^b5] 



R«0 DR' 



(R'irR' fi. Mm^^#-r§^>y/V^o R'. R''(*T/V=3r/^S^^i-o R'i:R'\ R^^r'' 
[0014] [^b6] 



R*0 or' 




(r\ R''f«ms^^«^/y/v^^^i-o r'^r''«. ^^.m^zmtstoxxhm 
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[0015] [fb7] 




[0016] 




(r\ r'\ r\ r'\ r'. R^'m^-rtlhT/V-^/Pm^^i-o R'tR'\ R^tR^\ r'^r''{*. 
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[0021] my\Ut25']fp(Dih^m6(DNMR::^^i^h/\^^^iro 
[|1|2] 1 7] 4^ (D^k-^i^ 7(DNMR;^^^ h/k^^i-o 

[|l|4][>ft:l7]ct'(D^t;'^i^9(DNMR^^i^h/V'^#-fo 
[|l|5][>fbl7]tt'(D^t;'^i^lO(DNMR^^i^h/V^^i-o 

cms] [^k 1 9] tfi (D^h^^ 1 6<DNMR>^-<i>' h/V^^i-o 

^ 0j ^^ife-r 6fcJ6 ^ mm 

[^b9] 




[0023] ^t^. r\ R' fi. cu Br,im^hmi^i^ti^^^^^^^^^u ^^(Dm^^tm^^^R 

[0024] *fc. ^mm(Dm'^^^t^m'i. rm^x-^^Mmi^^^mm^^ir:6o 
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[0025] [fblO] 




[0027] i^fz.. TIB^-e*$;^t^o 
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[0028] [fbll] 




m^mU S-lOOO-efe^o *fc. ^^^Kt^i^^^^b-^i^f*. ^nu:^/VM.f^}f(D^m 

^^t7imM>i^^j:^o mmi^(^\^±t\^^m,M.^^h. r'^U?r''}*. ci-C20@^(DT 

/Vdr/v^^;^-f-§S/y/VS^ R^^U^^R^' {*Cl-C20eig(DT/Vdr/v^^^o^i(D;i)S^ 

[0029] *fc. ;^^PJ(;D^^^^^^b'^#I(o^*Lv^ll^g«#^;l*3v^■r. ^fefci, m^^31;iib 

[0030] [^kl2] 
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[0031] [fbl3] 




[0032] LitW] 



R'O or'' 




R^\ r\ R^\ r\ R^'l~tT/]^^/]^m^^'r, R^^R^\ R^^R^', R'^r''. R'^R'\ r'^R^' 
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[0036] :^mm(D:^^m-^—i^m\^^^m~^ta^^mit^'>^ ^b-cf^. ^m^<^h(Dmm 

^^i/HJ^;:^^g^i-^JR:5SM*L<. mX-^-i. Li. Na. K^(Dl;^^M^ Mg. Ca#(D2 
Ti, V, Cr, Fe, Co, Ni, Cu#(D3g#^M^ Zn^(D12;^^M> Al, Ga# 

V^-C. ==-^y^M[:^!!i^ ^mmtir^m^^^m^^im46m. 68M(1997^) ^ 

°C=C— 

''SnR'' ^R'^Sn-B(OR'') tR^^Xt(D:fyyyV>i!fRm^m\^^^ti)^X^^o 

3 3 

^u:ti^^i^::^:y) ^y^JV : Ni (cod) ) (D^ffl ;0 W^bV 

2 

[0038] Z.(DXof^mJ^>\t. i^^^7V*/Vi^T^K (DMF) ^OD^^^i^Jfeif M V ^T. 
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20— i20°c@S(D?aS-etf ^tfi J;v \ 

[0039] :l<dx9 Ki.xnhti^^^^it-^m f*. 7cm^^. m^m.u:^^^wi^ or) mi^ 

PC) mi^XoXMi^fchcoX'h^o 

[0040] :^mm<Dm^^^t^m f*. b&i^'I*. mmt^^^^. m^^^h 

[0041] i^mmn^^it^m n.. ^(Dmt^w^nmt^^M7tR)^>.^^^^h 



[0042] ^mm(D-mmm^nm'r^^K ^mmu. rm(DmmmKm^\.xm 

[0043] ||»!|l(v^/M3yWbi^(^^^) 



mm 
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[0044] [{bl7] 




7 : S i R'/R"-S i (CH3) 3 

8 : S i R^^R"=S i (C H.C HjC HzC H3) a 

9 : S i rIj^R^'^S i CCHj) gC (CH3) , 
1 0 : S i R^'R"=S i (CH3) aC^Hs 

1 1 : S i R^'^ R"= S i (CH3) 2 (CH2) ijCHj 



[0045] (A) 4,4 ' -Dibromo-2,2 ' -dicarboxy-1 , 1 ' -biphenyl(l)(D^^ 

2-Amino-5-bromobenzoic acid(5.47 g, 25.3 mmol)t31H 0(20 mL)i:hyclrochrolic 

2 

acidO mL)Sr;!jPx.O "Cf^^SP. $^>j3:sodium nitrite(2.10 g, 30.4 mmol)Sr;[JPx.l^ra 
MWl^fc.o ^CO^. copper(II) sulfate pentahydrate(12.6 g, 50.5 mmoD^H 0(45 mL) 

2 

30% ammonia solution(22 mL)^;(jPx.;fe.^§ISl^hydroxyammonium 
chloride(3.76 g, 55.7 mmol)(D6N-sodium hydroxideO mD^I^^O °C^^^)Px.. MWl. 
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>-:g^^3^^/V=l : D-e^^-r^r i-e4,4 ' -Dibromo-2,2 ' -dicarboxy-1 , 1 ' 
-biphenyl(4.5 g, 11.3 mmol, 90%)^||fe)^^^bT#fCo ^hflfd^-M^. ^nxi-^/V 

NMR (CD OD, 400 MHz) 

3 

6 (ppm) = 8.10 (d, J = 1.95 Hz, 2H, H ) 

a 

7.69 (dd, J = 1.95,8.30 Hz, 2H, H ) 

b 

7.10 (d, J = 8.30 Hz 2H, H) 

c 

IR(KBr) 3099, 1708, 1585, 1417, 1298, 1281, 1248, 1096, 1003, 826 (cm'') 
ref) J. Am. Chem. Soc. 1992, 114, 6227. 

Aimimm^^. H H . H fi. ^>^>m^i^^\^x\^^y^mKmm^fh^o (j^ 

a b c 



(B) 4,4 ' -Dibromo-2,2 ' -bis(methoxycarbonyl)-l , 1 ' -biphenyl(2)C0'^^ 

^^^H^'F-. 4,4'-Dibromo-2,2'-dicarboxy-l,l'-biphenyl(0.18 g, 0.46 mmol) 
{^potassium carbonate(0.84 g, 6.00 mmol), acetone(25 mL), iodomethane(170 ix L, 
2.73 mmo\)^MxJmmMm\^f^o 

-Dibromo-2,2 '-bis(methoxycarbonyl)-l,r-biphenyl(0. 18 g, 0.42 mmol, 91%)^#fc 
'h NMR (CDCl , 400 MHz) 

3 

5 (ppm) = 8.16 (d, J = 1.95 Hz, 2H, H ) 

a 

7.66 (dd, J = 1.95,8.30 Hz, 2H, H ) 
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7.04 (d, J = 8.30 Hz, 2H, H ) 

c 

3.66 (s, 6H, -CH ) 

3 

IR(KBr) 1730, 1716, 1434, 1294, 1278, 1244, 1148, 1095, 971, 832 (cm'^) 

(C) 4,4' -Dibromo-2,2 ' -bis(hydroxymethyl)-l,r -biphenyl(3)<Z)-^Mfe 
^^#HMT^ 4,4' -Dibromo-2,2 ' -bis(methoxycarbonyl)-l , 1 ' -biphenyl(3.24 g, 

7.56 mmoD^dry etheK42 mDKMM^"^. 0 "CVWiWl^fCo $^l;ilithium aluminium 
hydride(0.64 g, 16.9 mmol)^;5jP;^, 6NF^*#b/Co 

A—i^^^i^:mm=^^jv=\: i)-e)©Mi-§^i:-ea^i>^-efe§4,4' 

-Dibromo-2,2 '-bis(hydroxymethyl)-l,r-biphenyl(2.60 g, 6.98 mmol, 92%)?r#fCo 

NMR (DMSO, 400 MHz) 
6 (ppm) = 7.69 (d, J = 1.71 Hz, 2H, H ) 

a 

7.47 (dd, J = 2.20, 8.05 Hz, 2H, H ) 

b 

7.02 (d, J = 8.05 Hz, 2H, H ) 

c 

5.23 (t, J = 5.37 Hz, 2H, -OH) 

4.15, 4.05 (dd, J = 5.61, 14.1 Hz, 2H, -CH -) 

2 

IR(KBr) 3454, 3320, 1656, 1611, 1567, 1542, 1222, 1161, 957, 822 (cm'') 

(D) 4,4 ' -Dibromo-biplienyl-2 ,2 ' -dicarbaldehyde(4)<D'^^ 
S*#H^T^ -78 T:-edry CH CI (30 mDlcloxalyl dichloride(l.ll mL, 12.9 

2 2 

mmol), dimethyl sulfide(2.00 mL, 28.2 mmol)^^JBx.lNFr^*#bfCo 4,4* 
-Dibromo-2,2'-bis(methoxycarbonyl)-l,l'-biphenyl(2.10 g, 5.64 mmol), 
triethyamine(7.86 mL, 56.4 mmol)^;(jPx.2B#r^^#L/Co 

: i^tla7}^/vi^ = 2 : i)-e)^Mi-6^i!-eM-fe;^7^T*fe64,4 ' 

-Dibromo-biphenyl-2,2'-dicarbaldehyde(1.87 g, 5.08 mmol, 90%)^#fCo %hf\;k. 
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mmm 

'h NMR (CDCl , 400 MHz) 

3 

6 (ppm) = 9.77 (s, 2H, -CHO) 

8.17 (d, J = 2.44 Hz, 2H, H) 

a 

7.80 (dd, J = 2.44, 8.30 Hz, 2H, H ) 

b 

7.21 (d, J = 8.30 Hz, 2H, H) 

c 

IR(KBr) 1693, 1682, 1583, 1457, 1389, 1179, 1086, 877, 833, 677 (cm"') 
(E) 2,7-Dibromo-trans-9,10-dihydrophenanthrene-9,10-diol(5)O^J^ 

^^#ia^T^ -78 T:-e4,4'-Dibromo-biphenyl-2,2'-dicarbaldehyde(2.70 g, 
7.33 mmoD^dry THF(60 mDiZl^M^^^f'^^Wl^. titanium(lV) chloride(1.21 mL, 
11.0 mmoD^MTb. 305>^^ zinc(1.44 g, 22.0 mmol)^;!)Px.O "CKML-XS^f^mW 

2,7-Dibromo-trans-9,10-dihydrophenanthrene-9,10-diol(2.17 g, 5.86 mmol, 80%)^ 

'h NMR (DMSO-d, 400 MHz) 
6 (ppm) = 7.76 (d, J = 8.29 Hz, 2H, H ) 

c 

7.71 (dd, J = 2.20, 8.29 Hz, 2H, H ) 

b 

7.55 (d, J = 2.20 Hz, 2H, H) 

a 

5.88 (s, 2H, -benzylH) 
4.47 (s, 2H, -OH) 

IR(KBr) 3349, 1459, 1416, 1193, 1141, 1084, 1027, 805, 633, 446 (cm'') 
^y-x'— (DIH^^, TC^^^If^ IR(KBr&). 'HNMRtCj:«9=ftofCo "i^fhfVkJ'y^^n 
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c 


H 


Br 


O 


cal 45.44 


2.72 


43.19 


8.65 


found 45,32 


2.83 


42.96 


8.91 



[0046] <^7-x'— (D|h|^> 

(F) 2,7-Dibromo-9, lO-dihydro-9, 10-dimethoxyphenanthrene(6)CD'^J^ 
^^#IS^T> 2,7-Dibromo-9,10-dihydrophenanthrene-9,10-diol(1.54 g, 4.15 
mmoD^dry THF(20 mDizMM^'^fcMWl^. sodium hydride(0.40 g, 16.7 mmol), 
iodomethane(1.5 mL, 23.8 mmol)^;tJB;t. ^?a-e3^rait#bfc„ 

: ^xixii^.7vj>. = 3 : i)-e*tMi-§^^-e e fe^T^-efe^ 

2,7-Dibromo-9,10-dihydro-9,10-dimethoxyphenanthrene(1.49 g, 3.74mmol, 90%)^ 

gll.'^(mp) 150.5-151.5 °C 
NMR (CDCl , 400MHz) 

3 

6 (ppm) = 7.61 (d, J = 8.05 Hz, 2H, H ) 

c 

7.55 (d, J = 1.95 Hz, 2H, H) 

a 

7.53 (dd, J = 1.95, 8.29 Hz, 2H, H ) 

b 

4.32 (s, 2H, -benzylH) 
3.43 (s, 6H, -CH ) 

3 

IR(KBr) 2933, 2894, 2823, 1469, 1207, 1179, 1097, 1005, 881, 819 (cm"^) 
TC^^'W C H Br O 



calculate 48.27 3.54 40.14 8.04 

found 48.08 3.63 40.20 8.19 
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[0047] JifS^b-a-i^eONMI^^i^h/V^lllli^^-ro 

[0048] L^[:l7l^<Dit^!!^7 

(G)2J-Dibromo-9,10-dihydro-9,10-bis(trimethylsilyloxy)phenanthrene(7)(D-^J^ 
S^#fflMT^ 2,7-Dibromo-9,10-dihydrophenanthrene-9,10-diol(1.43 g, 3.86 
mmoD^dry THF(5 mDKMM^-^fcMWK^ chlorotrimethylsilane(1.5 mL, 11.8 
mmol), triethylamine(5 mL, 35.9 mmoD^Mx.. aS^T5^r^^t#bfCo 

2,7-Dibronio-9, lO-dihydro-9, 10-bis(trimethylsilyloxy)phenanthrene(l .60 g, 3.11 
mmol, 81%)^#fCo ^htlfcBM^. ^viu:^;\^J>.-^^^lymi-^mmi^Xm'^^^[: 

mp 144.0-145.0^ 

NMR (CDCl , 400 MHz) 

3 

8 (ppm) = 7.67 (d, J = 0.49 Hz, 2H, H ) 

c 

7.53-7.30 (dd, J = 0.73 Hz, 4H, H , H ) 

b a 

4.66 (s, 2H, -benzylH) 
0.28 (s, 18H, -CH ) 

3 

IR(KBr) 1253, 1190, 1158, 1096, 924, 908, 883, 867, 838, 808 (cm"') 





C 


H 


Br 


cal 


46.70 


5.09 


31,07 


found 


46.48 


4.75 


31.65 



[0049] _hfB{k-^#!7C0NMR;^^^h/V^|l|2tC^i-o J^T<^fS3Ztif^*5V^TNMR^^i^b/V 
IH-NMR^^i^h/V^^b. ~^fc. Ha— Hcf^^^if^/^f^fg-^L^c^^iCiliM^ 

[0050] [^^^^^(Dih^ms 

(H)2 , 7-Dibromo-trans-9, 1 0-dihydro-9, 1 0-bis(tributylsilyloxy)phenanthrene(8)(D'^ 
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S^#H:^~Fn 2, 7-Dibromo-trans-9 , 1 0-dihydrophenanthrene-9 , 1 0-diol(l . 88 g, 
5.08 mmoD^rdry THF(30 mDK^M^-^fc^Wi^. chlorotributylsilane(3.0 mL, 
11.2 mmol), l,8-diazabicyclo[5.4.0.]-7-undecene(1.9 mL, 12.7 mmod^Mx.^ 

2 , 7-Dibr omo-tr ans-9 , 1 0-dihydr o-9 , 1 0-bis(tributylsilyloxy)phenanthrene(3 .7 g , 4.83 
mmol, 95%)^#fCo 

mmm 

NMR (CDCl , 400MHz) 

3 

6 (ppm) = 7.54 (d, J = 8.05 Hz, 2H, H ) 

c 

7.49 (dd, J = 2.20, 7.09 Hz, 2H, H ) 

b 

7.46 (d, J = 2.30 Hz, 2H, H ) 

a 

4.56 (s, 2H, -benzylH) 
1.30-1.18 (m, 24H, -CH CH -) 

2 2 

0.85 (t, J = 6.83, 7.32 Hz, 18H, -CH ) 

3 

0.60-0.56 (b, 12H, -SiCH -) 

2 

IR(KBr) 2956, 2923, 2871, 1464, 1195, 1082, 1005, 906, 886, 812 (cm'') 





C 


H 


Br 


cal 


59.51 


8.15 


20.84 


found 


59.80 


7.96 


19.64 



[0051] ±Mi\:.^s^S(DWAYC^^^V7V^MzK^iro 
[0052] Utn'\^(oi\:.-^m9 

(1)2, 7-Dibromo-tr ans-9, 10-dihydro-9,10-bis(tert-butyldimetylsilyloxy)phenanthren 
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2,7-Dibromo-trans-9, lO-dihydrophenanthrene-9, 10-diol(0.94 g, 
2.54 mmoD^dry THF(15 mDK^M^-^fcl^^i^. tert-butyldimethylsUaned.Ql g, 
12.7 mmol), l,8-diazabicyclo[5.4.0.]-7-undecene(2.3 mL, 15.4 mmol)5r^lPX.> 

-ei4B#r^m#b/co 

2 , 7-Dibromo-trans-9 , 1 0-dihydro-9 , 1 0-bis(tert-butyldimethylsilyloxy)phenanthrene( 
1.35 g, 2.26 mmol, 89%)^#fCo ^nn^/l^J^-^dri^^^^^^^f- 

mp 162.0-163.0 

NMR (CDCl , 400MHz) 

3 

6 (ppm) = 7.57-7.46 (m, 6H, H , H , H ,) 

a b c 

4.57 (s, 2H, -benzyl-H) 
0.85 (s, 18H, -C(CH ) ) 

3 3 

0.14-0.06 (s, 12H, -Si(CH ) ) 

3 2 

IR(KBr) 2953, 2928, 1471, 1257, 1083, 910, 845, 837, 814, 775 (cm"') 



C H Br 

cal 52.17 6.40 26.70 

found 52.21 6.37 27.00 



[0053] _b|B^b'^i^9<DNMI^^i^h/V^|l|4i;i7]^-fo 
[0054] [^bl?]^ (D^b-^i^lO 

0)2 , 7-Dibromo-trans-9, 1 0-dihydro-9 , 1 0-bis(dimethylphenylsilyloxy)phen£inthrene( 

^^#ffl:^T^ 2,7-Dibromo-trans-9,10-dihydrophenanthrene-9,10-diol(0.70 g, 
1.89 mmoD^dry THF(10 mL)Je:^^$*/c^?S(cl^ chlorodimethylphenylsilane(l mL 
, 5.96 mmol), l,8-diazabicyclo[5.4.0.]-7-undecene(1.7 mL, 11.4 mmol)^;(jPx.^ ^ 
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2,7-Dibromo-trans-9,10-dihydro-9,10-bis(dimethylphenylsilyloxy)phenanthrene(0.7 
9 g, 1.24 mmol, 65%)^#/Co 

mp 103.0-104.0 

'h NMR (CDCl , 400MHz) 

3 

6 (ppm) = 7.52-7.34 (m, 16H, H , H , H , -Ph) 

a b c 

4.61 (s, 2H, -benzylH) 
0.35, 0.32 (s, 12H, -CH ) 

3 

IR(KBr) 1254, 1117, 1053, 912, 866, 845, 826, 786, 736, 698 (cm"') 
[0055] _hfB<l::'^i^lO(DNMR><>^i57h/^^|l|5ti^-t"o 

[0056] [^^^^^(Dit^mn 

(K)2 , 7-Dibromo-trans-9 , 1 0-dihydro-9 , 1 0-bis(dimethyloctadecylsilyloxy)phenanthre 

^^^H^l"-. 2, 7-Dibromo-trans-9 , 1 0-dihydrophenanthrene-9 , 1 0-diol(l . 1 9 g, 
3.22 mmoD^dry THF(20 mDl^mM^'^fcW^i^. 

chlorodimethyloctadecylsilane(4.47 g, 12.9 mmol), l,8-diazabicyclo[5.4.0.] 

-7-undecene(2.4 mL, 16.0 mmol)^;?JPx.. 5B#r^al^)fEbf::o 

2 , 7-Dibromo-trans-9 , 1 0-dihydro-9 , 1 0-bis(dimethyloctadecylsilyloxy)phenanthrene( 
1.81 g, 1.83 mmol, 57%)^#fCo 

mmm 

mp 51.5-52.5 *C 

'h NMR (CDCl , 400 MHz) 

3 

6 (ppm) = 7.60, 7.47 (s, 6H, H , H , H ) 
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4.57 (s, 2H, -benzylH) 
1.24 (br, 64H, -CH -) 

2 

0.86 (t, 6H, -CH ) 

3 

0.69 (t, 4H, -SiCH -) 

2 

0.18, 0.15 (s, 12H, -Si(CH)) 

3 3 

IR(KBr) 2955, 2917, 2850, 1471, 1253, 1192, 1158, 1098, 856, 809 (cm"^) 





C 


H 


Br 


cal 


65.43 


9.56 


16.12 


found 


65.44 


9J8 


16.28 



[0057] _h|S^b'^i^ll<;)NMR><>^i^h/V^|l|6jC^i-o 

[0058] mMm2 

[0059] mmtL-ti-B-)^mmm^&<r\^^iro 

[0060] Litis] 

Nl(cod)i 
bipyridine 
cod 






solvent 




— '^!ji:LT18-SiBu om-^^^-To 

3 

^^^H:^~F% bis(l,5-cyclooctadiene)nickel(0)(0.60 g, 2.18 mmol)t^dry 
DMF(15.0 mL), bipyridine(0.34 g, 2.18 mmol), l,5-cyclooctadiene(267 ju L, 2.18 
mmol)^;!jPX.. 

2 , 7-Dibromo-trans-9, 1 0-dihydro-9, 1 0-bis(tributylsilyloxy)phenanthrene(0. 75 g, 
0.98 mmol)(Ddry DMF(5 °C-e4 0 F^*#bfCo 



wo 2005/078002 



22 



PCT/JP2005/002272 



:i:^b7K^^-equenchb/c^. EDTA-4Na aq-e2SS^tJ^^=ff V \ m. 

i-§ri:-eWfe@#:-efe§ift5>^^(0.58 g, 0.96 mmol, 96%)^#fCo 
[0061] #^>^^fcJKy•^— (Dtta^TIB^K-^-To 

[0062] [^1] 



run 


R 


"mm. 


day 


% 






1 


CHj 


DMF 


2d 


98 


17 


1,100^ 




2 


SiBu3 


DMF 


4d 


96 


18 


9,800 


2,0 


3 


Si(CH3)2C(CBt>3 


Toluene / DMF 
7:3 


4d 


95 


19 


3,500'' 


l.l*' 


4 


Si(CH3)2Ph 


DMF 


4d 


50 


20 


1,300'' 


1.2'' 


5 


Si(CH3)2(CH2)i7CH3 


Toluene / DMF 
7:3 


4d 


4d 


21 


69,000 


3,0 



lCOrun2,5^U?[>fb20]ttJ<^^22(^^#-^[0070]lcloV>-Cf*. i^'aa/jN/VA, THF.b 
/V3i^^{c:Rr^'efe'9. runl,3:S:micloV>T}*. BT^-efe^o 

EX 

379nm, X (^3fe^*)=414nm, ^^/VA-C}*, X ait)®^;ft) = 391nm, X m% 

EM EX EM 

= 43 Inm t;i^3fe^^bfCo 
RunSfi, i^nn^ijN/Vi^^l^cti-ex (M)ia^;ft)=398nm. 1 (^5te^;ft)=427nm 

EX EM 

, Z^^/VJ^-^-lt. X (l5!)^^;g) = 398nm, X (^3feiS;ft)=430nmii^3te^^b/Co 

EX EM 

[^b20](D^22{*. ^5'^^7}^/^A^ct'-eA aij^|g;S)=385nm. X 

EX EM 

=418nm, ^^/VJ^-^n, X (Jg()M^;S)=382nm, X (|§3fe^;B)=432nmlc:^3fe^ 

EX EM 

CVt^oV^-Ctt. run2(i^^[:^^1.33V(^^LfCo run5tt^{b^^l.34V(^^L/Co 
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»f^tttCoV^-C(*. 5%mMWPU&(Td)^, run2{i390°C. run5{*360°C. Wb20 
[0063] MMMS 
[0064] [^bl9] 




16 



[0065] (L) 2-Amino-5-bromoacetophenone(12)0'^^ 

^^#I3:^~Fn 2-Aminoacetophenone(20.0 g, 148 mmol), potassium bromide(21.2 
g, 178 mmol){;iAcOH(60 mL)^;(jPx.O X^K^^MVfcW:. sodium peroxoborate 

tetrahydrate(27.3 g, 178 mmoD^Mx., 2 0 mMWl^fCo 

2-Amino-5-bromoacetophenone(27.4 g, 128 mmol, 86%)^#fCo ^htlfd^^^^ ^ 

xixiTr.;vj^--~^^-^-^m^-^mm'^^'ow^^\\:.^^^^}ixn^^ 
mmm 

NMR (CDCl , 400 MHz) 
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8 (ppm) = 7.80 (d, J = 2.44 Hz, IH, H ) 

a 

7.32 (dd, J = 1.95, 8.79 Hz, IH, H ) 

b 

6.56 (d, J = 8.79 Hz, IH, H ) 

c 

6,29 (s, 2H, -NH ) 

2 

2.56 (s, 3H, -OCH ) 

3 

IR(KBr) 3314, 1469, 1394, 1186, 1089, 1036, 1004, 847, 816, 518 (cm"^) 

(M) l-(2 ' -Acetyl-4,4 ' -dibromo-biphenyl-2-yl)etanone(l 3)(D'^j?fe 
2-Amino-5-bromoacetophenone(17.4 g, 81.0 mmol)(CH 0(28 niL)(J;hydrochloric 

2 

acid(24 mL)^;lJPx.O X:iCif^M. ^fefclsodium nitrite(6.71 g, 97.2 mmol)^^JBx.l^ra 
MWl^fCo ^<D^, copperClI) sulfate pentahydrate(40.5 g, 162 mmoD^H 0(140 

2 

mL)\z:M7b^\^^ 30% ammonia solution(70 mU^^iJOX-fc^l^tClhydroxyammonium 
chloride(12.0 g, 178 mmol)06N-sodium hydroxide(30 mD^I^^O X^-VMx.. ^# 

Ki:^^ l-(2' -Acetyl-4,4' -dibromo-biphenyl-2-yl)etanone(16.0 g, 40.4 mmol, 99%) 
^H NMR (CDCl , 400 MHz) 

3 

6 (ppm) = 7.86 (d, J = 2.44 Hz, 2H, H ) 

a 

7.62 (dd, J = 1.95, 8.00 Hz, 2H, H ) 

b 

7.01 (d, J = 8.00 Hz, 2H, H ) 

c 

2.33 (s, 6H, -OCH ) 

3 

(N)2,7-Dibromo-trans-9,10-dimethylphenanthrene-9,10-diol(14)O^J^ 

^^#ISMT^ -78 °C-ei-(2* -Acetyl-4,4' 
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-dibromo-biphenyl-2-yl)etanone(10.7 g, 27.0 mmol)?rdry THF(150 mL)iZ.^M^-^ 
fc^WK. titaniumdV) chloride(4.44 mL, 40.5 mmol))^MTb. 305>^^ zinc(5.29 
g, 80.9 mmol)Sr;tlPX.. 0 X^KmVXSmmMWVfCo 

2,7-Dibromo-trans-9,10-dimethylphenanthrene-9,10-diol(9.57 g, 24.0 mmol, 89%) 
'H NMR (CDCl , 400 MHz) 

3 

6 (ppm) = 7.85 (d, J = 1.95 Hz, 2H, H ) 

a 

7.51 (d, J = 8.30 Hz, 2H, H ) 

c 

7.46 (dd, J = 1.95, 8.30 Hz, 2H, H ) 

b 

2.50 (s, 2H, -OH) 
1.30 (s, 6H, -CH) 

3 

IR(KBr) 3447, 1463, 1365, 1178, 1096, 1056, 950, 930, 809, 685 (cm'^) 
^/N'— 7C^5>#. IR(KBr^) , 'HNMRl3:j;«9tf ofco nhfhtz.V'^^ 

[0066] Mkl9]cfJ(D>fk'^i^l5 

(O) 2 , 7-Dibromo-trans-9 , 1 0-dimethoxy-9 , 1 0-dimethylphenanthrene( 1 5)0'n-J^ 
^^^HM1"n 2, 7-Dibromo-trans-9 , 1 0-dimethylphenanthrene-9 , 1 0-diol(2 . 7 1 g, 
6.81 mmoD^dry THF(20 val^XzMM^'^fd^WOiC.^ potassium tert-butoxide(3.28 g, 
29.2 mmol)^;!jP;t^ ^?a-e3NFr^it#bfCo ^<^=^^ iodomethane(6.00 mL, 96.4 
mmol)^;!lPX.3S^T4 0 r^«#bfCo 

o ;^^i^i^n-v'hi^^9:7^— (-^d5^i^^:i^nn;^7Vi^=3: l)-e|tMi-^^^-eefe;^*-e 
fe^2 , 7-Dibromo-trans-9, 1 0-dimethoxy-9, 1 0-dimethylphenanthrene(0. 50 g, 1.17 
mmol, 17%)^#rCo nhfhfzmM^. ^xixii^;VJ>.-^^-^l^m.-^mWi^^^W^m\L 
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mp 202.5-203.0 

NMR (DMSO-d, 400 MHz) 
8 (ppm) = 7.77 (d, J = 8.30 Hz, 2H, H ) 

c 

7.66 (d, J = 2.20 Hz, 2H, H ) 

a 

7.57 (dd, J = 1.95, 8.29 Hz, 2H, H ) 

b 

3.29 (s, 6H, -OCH ) 

3 

1.54 (s, 6H, -CH ) 

3 

IR(KBr) 1476, 1461, 1250, 1206, 1118, 1078, 1037, 1004, 810, 795 (cm 





C 


H 


Br 


O 


cal 


50.73 


4.26 


37.50 


7.51 


found 


50.45 


4.13 


37.18 


7.52 



[0067] ±.^it^!^15(DNMRy^^i^WU^M7K^-f-o 
[0068] [^tl9'\^(Dit^mi6 

(P)2,7-Dibromo-trans-9,10-dimethyl-9,10-bis(trimethylsilyloxy)phenanthrene(16)(D 

^^#H:^~F-. 2,7-Dibromo-trans-9, lO-dimethylphenanthrene-9, 10-diol(3.50 
g, 8.79 mmol)?rdry THF(30 mDiC^M^-^f'^Wi^. chlorotrimethylsilane(4.46 
mL, 35.1 mmol), l,8-diazabicyclo[5.4.0.]-7-undecene(10 mL, 71.7 mmoD^^t/Px.^ M. 

2 , 7-Dibromo-trans-9 , 1 0-dimethyl-9 , 1 0-bis(trimethylsilanyloxy)phenanthrene(3 .93 
g, 7.24 mmol, 82%)^#fCo #6)tL/ci>7^^. ^xixii^;VJ>.-^^-^l^U'^nmci^^ 

mp 140.0-141.0 °C 
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'h NMR (CDCl , 400MHz) 

3 

6 (ppm) = 7.65 (d, J = 1.71 Hz, 2H, H ) 

a 

7.40-7.46 (m, 4H, H , H ) 

b c 

1.34 (s, 6H, -CH ) 

3 

0.33 (s, 18H, -(CH ) ) 

3 3 

IR(KBr) 1264, 1252, 1219, 1155, 1114, 1070, 1019, 888, 861, 839 (cm"^) 
[0069] ±M^[:^mi6(DNM¥C^^i^h/^^M8K^iro 

[0070] mMm4 

n^fco 'r^i:^-h. gmS^^i-69,10-v'tKn:7a.^>'M/^(Dv^^M:iyWbi^^ 

[0071] ^^m'^—(Dmmiti.tz.-^0.mm&.rK^-ro 



H3COSi(CH3)3 
(CH3}3SiO\ \CH3 




Ni(cod)2 
bipyridine 
cod 

DMF 



H3CO Si(CH3)3 

(CH3)3Sio\\ CH3 



16 




mm 

^^^H^Tn bis(l,5-cyclooctadiene)nickel(0)(0.51 g, 1.84 mmoDlildry 
DMF(15.0 mL), bipyridine(0.30 g, 1.92 mmol), l,5-cyclooctadiene(226 ti L, 1.84 
mmol), 

2 , 7-Dibromo-trans-9 , 1 0-dimethyl-9 , 1 0-bis(trimethylsilyloxy)phenanthrene(0 . 5 0 g , 

0.92 mmol)^;!]Px.60 'C-e4 0 mMWL-tio 

^itTKmmXqnenchVfcm. EDTA-4Na aqXnttm. ^mir^^tX 

l|-fei^*'efe§i^^^^22(0.33 g, 0.86 mmol, 94%)^#/Co 

mmK. itn. it20K^-^fvkre/^—^m\^x^ ^m^^n^^tti^x^^o 
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(A) SonogashiraHJS^t^J;§*M^ 

2,7-Dibromo-trans-9,10-dihydoro-9,10-dimethoxyphenanthrene(0.39 g, 0.98 mmol) 
iCdry THF(25 mL), tetrakis(triphenylphosphine)palladium(0)(56.6 mg, 49.0 /i mol), 
copper(l) iodide(10.0 mg, 52.5 /j. mol), triethylamine(10 mL, 71.7 mmol), 
2,7-Diethynyl-9,9-dioctylfluorene(0.43 g, 0.98 Tamol)<DmKMx.60 X^X^AU^Wl^ 

^^y— /V. EDTA-4Na aq-CS^tJ^. ^m-r^^tXM-^^^X^^miT^^iO.ed 
g, 0.96 mmol, 98%)^#fCo 

(B) SuzukiSJ^:{^J;5*m'^ 

^^^H^Tn tetrakis(triphenylphosphine)palladium(0)(58.0 mg, 0.05 mmol){«l^ 
^-e^<?>^'y>-i^Lfctoluene(20 mD^Mx.. ^hK 
9,9-dioctylfluorene-2,7-bis(trimetyleneborate)(0.56 g, 1.00 mmol), 
2,7-Dibromo-trans-9, lO-dimethoxyl-9, 10-dimethylphenanthrene(0.43 g, 1 .00 
mmol),^'^7''y>'i5^L:fe2M-potassium carbonate(5.0 mL), methanol(5.0 mL)^:lJPx.80 

y^y— /V. EDTA-4Na aqX2mnttmu ^mrr^^txm^BMx^^m^^ 

(0.65 g, 1.00 mmol, 99%)^#fCo 
[0072] _h|B(A)^ (B) Xnhtlfc^])'^—(D^M^Tmm2K^ir^ 
[0073] m2] 
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h % ^ J (Mn») (Mw/Mna) 




° Determined by GPC (eluent: CHCI3) 



—mt^^Xyi^^^^J^— (22) {^ov ^Xj^^^o 
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[0074] mMM5 
[0075] [^3] 



run 






Si* 

X^,, (EMVnm 












v'TTiax \ ' 










CHCI3 soln* 


film ■ 


CHCls soln. 


film 




1 


17 CH3 


351 




410 
(361) 




89 


2 


18-SiBu3 


378 


392,415 


414, 438 
(379) 


431,456,486 
(391) 


100 


3 


19-Si(CH3)2C(CH3)3 


382 


384 


415 
(373) 


434,457, 486 
(370) 


82 


4 


20-Si(CH3)2Ph 


367 




412, 434 
(367) 




86 


5 


21-Si(CH3)2(CH2)i7CH; 


s 410 


393,411 


427, 454 
(398) 


430, 456 
(398) 


62 


6 


22^i(CH3)3-CH3 


382 


392 


418, 440 
(385) 


432, 454 
(382) 


100 



[0076] [^4] 
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run 




Mm 


(EM)/ nm 
(X rEXV nm^ 


a)(%) 




















CHCI3 soln. 


film 


CHCI3 soln. 


film 




1 


27-CH3-FL-AcetyI 


390, 408 


397, 421 


423, 447 
(410) 


480, 508 
(436) 


82 


2 


28-SiBu3-Ph-AcetyI 


333, 386 


333, 387 


441 
(333, 397) 


517 
(398) 


53 


3 


29-SiBu3-Thiophene 


405 


404 


464, 485 

(412) 


480, 505 

(399) 


89 


4 


30-SiBu3-FL 


377 


382 


416, 439 
(378) 


428, 453 
(378) 


89 


5 


3I-CH3-CH3-FL 


387 


382 


418, 443 
(389) 


428, 453 
(371) 


84 
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[2] g^^S^Wi-^v-y/VS^^. Si(CH ) . Si(n-C H ) . Si(t-C H ) . Si(CH ) (C H ). 

33 493 493 3265 

si(cH)(n-c H )^^hfs:^m:^^hm^^ti^{i^fj:<thm'ch^mMmimm(Di^^>^ 

3 2 18 37 

Mb2] 




[5] Tm^'^'^^ti^mMm4mm(Dm^^it^mo 
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Mb3] 



or OR 




[7] tfflE*m'^#::e.5, TIE^. 
Mb4] 




(r\ R''f:i. ©m^^^i-^i^y/^^o R\ R^'f-iT/Vdr/V^^^i-o ) 
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R*0 OR* 






(r\ r'\ r\ r'\ r\ R^'m^TtihT/i-^/i^m^^ir, ) 

[11] mM^4-8m(D\^^'rti7f)^imKmm(Dm'^^^t^m^m^^xnhti^mjmo 
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[01] 




(a) 



TMS 



H2O 



10 



8 



—I— 

6 



0 



[02] 



HajHb 



H, 



■(CH3)3 



H2O 



(b) 



benzyl-H 



10 



8 



0 




10 8 6 4 2 



[04] 




10 8 6 4 2 0 
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[05] 



Ph, Ha, H5, He 



7.55 



[mix 



10 8 



7.35 
benzy 1-H 



(e) 

-Si(CH3)2 

H2O 

TMS 



0 



[me] 



Ha? Hb, He 



-CH3 (f) 



-Ci6£fe2- 

\ 



benzyl-H 



H2O 



-si(afe)3 



-SiCH2- 



11 
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[07] 



Ha 



He 



Hb 



I. ;! 



oat 



-' v...--' \ — ' 'v. 



7.9 



7.4 



DJVEO 



10 



8 



0 



[08] 



Ha 



7.7 



73 



-(CIfe)3 




— I « 1— 

4 2 



10 



8 



0 
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